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Chapter 1 General Introduction 
General Introduction 
Genotoxicity is the capacity of an agent to cause damage to the genetic 
material; DNA, chromosomes and mitotic spindle either directly, by binding 
covalently to DNA or indirectly by generating the reactive oxygen intermediates 
( ROIs ) that attack DNA or interfere with DNA repairs. Genetic damage when 
insufficiently repaired can be manifested as mutation in the DNA sequence - as the 
gene mutation, as chromosomal mutation or as genomic mutation. The objective 
while studying genotoxicity includes assessing direct changes in the genetic material 
( DNA ), elucidation of mechanism involved and evaluating inducible mutations or 
carcinogenicity ( Jha, 1998; Harris, 1991 ). The mutations both in somatic and germ 
tissues can be studied separately or in conjugation ( Rapley et al, 2004 ). Genotoxins 
that induce such events are those substances that induce changes to the structure of 
chromosome or genes via chemical interaction with DNA or non-DNA targets (David 
et al, 2009 ). The iQxm genotoxicity \s therefore, generally used unless a specific 
assay for mutations is being discussed. 
Keeping the intrinsic ability to induce genotoxicity, the chemicals can be 
categorised as 1 and 2 ( Glynn et al, 2008 ). Category 1 chemicals induce heritable 
changes predominantly the heritable mutations and Category 2 chemicals are 
suspected to have such possibility ( Glynn et al, 2001 ). The organochlorines, 
specially dichlorophene belongs to category 2. There are initial reports of exposure 
to this compound in human beings ( Kleanthi et al, 2008; Minh, 2004 ). In 
agricultural settings, an increasing number of pesticides, fungicides and herbicides 
have shovra to elicit adverse genetic responses in non-target populations ( Colbom et 
al, 1994 ). It has equally wide use in industrial, fungicidal and vermicidal 
applications also ( Kumar et al, 2010; Eddleston et al, 2002 ).Given to the broad uses 
of organochlorines generally, and dichlorophene particularly, qualify for closer 
scrutinity. 
India being the second largest manufacturer in its region; ranked 12th globally, 
has no encouraging monitoring outputs. The population engaged in agriculture is 
supposed to have serious exposure to pesticides ( Gupta, 2004 ). Whatever assessment 
available, the data indicates that a large number of food and feeds are contaminated 
with the persistant organochlorines. The accumulation in mammals from the ingestion 
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of feeds is serious ( Vohora and Agarwal, 1999 ). The immediate effect of the acute 
toxicity of many of these chemicals is limited. The International Agency for Cancer 
Research ( lARC ) involved in such studies has classified 56 pesticides as 
carcinogenic to laboratory animals. Many more are needed to be screened ( lARC, 
2002 ). And - where ever some data reported on risk assessment are available, it is 
conflicting. Meta - analyses showed that farmers using such pesticides are at greater 
risk of specific tumours, including delayed effects which are not fully appreciated yet 
( Zahm et al, 1998, 1997; Daniels et al, 1997; Khuder et al, 1997 ). That brings us to 
the need of genotoxic assessment, more than even before. 
Convenient methods to study mutagenicity are many, some includes; 
chromosomal alteration and DNA damage ( Abell et al, 2000; Rojas et al, 2000; 
Dearfield et al, 1999 ). Of the two types of exposures; on the acute toxicity, only a 
few cytogenetic studies are available ( Anonymous, 2001; Viertel et al, 2001 ), on 
chronic low doses, baring some cytogenetic monitoring in human, the documented 
reports are even fewer. For example, a significant incidence of cytogenetic damage 
evidenced by CA and MN frequency is seen involving people in agriculture and 
forestry ( Kumar and Natarajan, 2008; Bolognesi et al, 1995 ). However, these 
findings have not been substantiated by other studies and the inconsistencies may 
reflect different exposure conditions ( Battershill et al, 2008; Dearfield et a/., 1993 ). 
Therefore, a number of factors like pesticide consumption, their mixture, amount, and 
mode of application need to be specified accurately. The studies using a single 
pesticide are more conclusive for genotoxic effects than a mixture of compounds 
( Garry et al, 1992, 1989 ). Organochlorines - the focus of this study, has found not 
many mention used as mixtures. 
Use of Organochlorines 
The organochlorines abbreviated as OC are groups of synthetic chemicals 
which include polychlorinated biphenyls ( PCBs ), dibenzo - p - dioxins and 
organochlorine pesticides. These are characterized by their cyclic structure, number of 
chlorine atoms, low volatility and have long been in use in agriculture and pest 
control management. Concern over their environmental persistence and possible 
health effects led the U.S. EPA to restrict or even completely ban in their use. As a 
result, most organochlorine insecticides are rarely used there, but continue to be 
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employed in developing countries, including in India ( Gorman et al, 2003 ). Since 
organochlorines are lipophillic, breast milk is the major source of exposure to infants 
(Baird et al, 2004 ), and hence a great cause of worry. 
The major route of exposure to organochlorines is through food and not by 
drinking water. The bioaccumulation of organochlorines in fish and other animals 
which are in greater use of human consumption - is of particular concern ( Snedeker 
et al, 2001; Hall et al, 1992 ). The other route of exposure is through the long term 
exposure usually by regular skin absorption of cosmetic products containing 
organochlorines and endocrine disrupters ( Darbre, 2006; Donovan et al, 2006 ). 
Evidence shows that mammals are more susceptible to organochlorines and other 
persistent organic pollutants during fetal and neonatal period than adulthood 
( Sweeney, 2002 ). Their toxicity is wide spread. 
Organochlorines Toxicity 
Effects on Human Health 
The organochlorine compounds are linked with many serious effects on health of 
human and wildlife populations ( Safe, 2004; Brody et al, 2003 ). Many disorders of 
reproductive system, infertility, carcinogenicity, developmental toxicity, neurotoxicity 
and immunotoxicity are well documented ( Toft et al, 2005; Teilmann et al, 2002; 
Skakkebaek et al, 2001 ). Dioxins and tetrachlorodibenzo -p - dioxin are specially 
noted as human carcinogen ( EPA, 2001 ). The ability of organochlorines to alter the 
levels of certain hormones, enzymes, growth factors and neurotransmitters, could may 
partially explain some of these effects. The strongest reason assigned for this 
behaviour is the exposure in crucial period of organogenesis when the immune and 
detoxification systems of foetus is not fully developed ( Crisp et al, 1998 ). The other 
more specific effects of the organochlorines includes: 
Endocrine Disrupting Effect 
The organochlorines are known for disturbing the balance of endocrine system -
hence called endocrine disrupter ( Nicolopoulou et al, 2001 ). Other disrupters are 
environmental hormones, 'synthetic hormonally active agents' ( HAAs ) and 
xenoestrogens. Attention has been on the potential of some chemical to act as 
endocrine disrupters recently ( Calle et al, 2002 ). Such chemicals bind to specific 
hormone receptors and block the attachment of endogenous hormone to its receptor 
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( Shelby et al., 1996; Soto et al, 1995 ). Besides, disrupters can affect the pattern of 
synthesis and production of endogenous hormones or change their structure and 
modify metabolism and also changing the number of hormone receptors (Negri et al, 
2003; NRC, 1999). 
Organochlorines and Gene Interaction 
Organochlorines are the strong inducers of key genes responible for metabolism 
of steroids and xenobiotics ( Masson et al., 2005; Zhang et al, 2004 ). A proposed 
mechanism of reaction of organochlorines with DNA involves the cytochrome 
CYPlAl gene ( Masson et al., 2005 ). The binding of organochlorines with certain 
receptors triggers the expression of gene CYPlAl which encodes the enzymes 
involved in the metabolism of organochlorines. Metabolism of organochlorines within 
adipose tissue can generate reactive oxygen intermediates that cause oxidative 
damage to DNA and generate DNA mutation ( Li et al, 2004 ). The organochlorines 
have the ability to induce enzymes involved in the metabolism of several chemical 
carcinogens and hormones. Higher levels of organochlorines have been linked to 
breast cancer in certain cases, leading to another related research area called 
carcinogenicity ( Li et al, 2004 ). 
Carcinogenic Effect of Organochlorines 
Chemical agents are categorised from class 1 to class 4 on the basis of their 
severity ( Brody and Rudel., 2003; lARC, 2003 ). The Environmental Protection 
Agency ( EPA ) also used an almost similar classification scheme for derivatives of 
organochlorine compounds from 'proven' to 'probable' carcinogens ( 50 EPA, 1998 ). 
Although not many, but in few animal studies, high doses of PCBs indicates 
tumorigenic and carcinogenic effects ( Faroon et al, 2001 ). The concern that 
environmental organochlorines may cause cancer is not alien ( Weiderpass et al, 
2000 ). A great increase in the incidence of cancer has been observed, especially for 
hormonally related cancers, such as breast, endometrium, prostate and testis cancer 
( Charlier et al, 2003; Cocco, 2002 ). The endometrial cancer came under scanner to 
study estrogenic activity - cancer related to organochlorines (Garcia, 2003 ). 
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Cytotoxicity of Organochlorines 
The primary site of organochlorine storage in the body is adipose tissue and are 
metabolized in the liver ( Ergul et al, 2006 ). Kurutas and associates ( 2001 ) 
suggested that free radicals generated during oxidative stress causing lipid 
peroxidation of cell membranes - is prevented by antioxidant enzymes. Many workers 
evaluated the presence of cytotoxicity symptoms using histopathology and typical 
morphological changes as indicative of cell injury ( Vasquez, 2010; Burlinson et al, 
2007; Cotran et al, 1999 ). Employing enzyme profile along with the definite 
pathology in livers of exposed rats appeared as a good combination of genotoxicity 
assessment of organochlorines ( Vijayaraghavan and Nagarajan, 1994 ) and the 
feasibility of this was confirmed in dermally absorbed chemicals ( Wolkers et al, 
2008; Luty et al, 1998 ). Some pesticides - induced apoptosis and necrosis study of 
cultured human peripheral blood lymphocytes using in vitro conditions has been 
documented ( Das et al, 2006 ). A chronic exposure by a widely circulated and 
equally controversial compound - endosulfan, to liver and blood cells corborated the 
above outcome ( Manjula et al, 2006; Choudhary et al, 2003 ). There are many 
studies proving histopathological and apoptotic effects supplementing the genotoxic 
effects in a comprehensive manner ( Zhao et al, 2009; Dutta et al, 2008; Oral et al, 
2006; Ateeq et al, 2005; Fox et al, 2001 ) 
Parameters in Genotoxic studies 
A compound caimot be judged accurately by any single parameter and the 
multiple genetic assay is a standard protocol, therefore. Of late, some protocols, 
directly endorsing DNA damages following chemical insult have been favoured. The 
comet assay is one such test, most suitable and fast for assessing DNA - damage with 
a great potential in biomonitoring ( Moller et al, 2000 ). In vitro studies using human 
lymphocytes by Jamil et al, (2005 ) with a greater focus on organochlorine pesticides 
bear testimony to this: that comet assay is a sensitive and rapid method; and the 
increase in the tail length indicating the DNA damage. The controversial endosulfan, 
amids the demand of banning in India - the leading manufacturer - is known to 
induce DNA strand break as detected by Single - Cell Gel Electrophoresis ( SCGE ), 
the alternate name for comet assay ( Sharma et al, 2007; Grover et al, 2006; Undeger 
and Basaran, 2005; Lu et al, 2000 ). The DNA damage is effectively measured by 
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the mean comet tail length, presenting a great supplement for the extent of DNA 
damage (Bhalli et al, 2006 ). 
Recently apoptosis as an assay is emerging as a valueable parameter during 
histopathological studies. For example, organochlorines induces apoptosis in certain 
cells by generating reactive oxygen species ( ROS ) and thus inducing DNA damage 
( Zhao et al, 2009 ). Cytotoxic effects by histopathological observations and 
genotoxic damages of many other compounds have shown promising results in 
diverse systems (Patel et al, 2007 ). 
The information regarding the genotoxic nature of dichlorophen by some of the 
methods discussed above are rare and needs immediate attention. To begin with, some 
parameters like chromosomal aberration assay (CA), mitotic index (MI), 
micronucleus test (MNT) and cytotoxic effects by histopathology are undertaken for 
initial indications. These tests are specially recommended in rodent erythrocyte in 
peripheral blood or bone marrow. Effective in vivo genotoxic potential taking other 
compounds belonging to this family are successfully accomplished ( Eastmond et al, 
2009; Blakey et al, 2008; ICH, 2008 ). Even though the MN is considered as 
surrogate measure of structural and numerical chromosomal aberrations, it is 
considered as a bridging biomarker of genotoxic exposure. ( Recio et al, 2010; 
Dertinger et al, 2007 ); and more importantly, it is indicative of increased cancer risk 
( Bonassi et al, 2007 ). Certainly, the most reliable genotoxicity evaluation in 
mammals would be to combine chromosomal aberrations and micronuclei ( Prasad et 
al., 2009 ). In this respect, attention on CAs is regarded as an early warning signals 
for neoplastic development ( Hagmar et al, 1998; Bonassi et al, 1995 ); but later 
qualitative and quantitative analysis is prepared for clastogenic activity ( Dimitrov et 
al, 2006 ). The MN assay in conjugation with CA, can give clues for both clastogenic 
damage and damage to the mitotic apparatus with aneugenic consequences. And the 
MI assay, even now is considered useful for mammalian system. It is the easiest 
method to characterize proliferating cells and identify compounds which inhibit or 
induce mitotic progression. More recently Eroglu ( 2009 ) showed MI as an effective 
measure to indicate the proportion of cells in the M - phase reflecting cellular death 
or delay in the cell proliferation kinetics. 
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Research status of Dichlorophene 
The present studies are singularly focussed on Dichlorophene, [ 2, 2 -
methylenebis ( 4 - chlorophenol ) ] a halogenated phenolic compound, commonly 
known as Dichlorophen. It is also known by different trade names such as 
Anthiphen, Antifen, Cordacel etc. ( Kintz et a/, 1997 ). Not many studies are 
conducted on this compound despite its wide spread use. The compound is used as 
fungicide, bactericide, algicide, besides being used as anthelmintic, and antiprotozoan. 
It is also employed with a certain degree of effectiveness in controlling moss and 
diseases like red thread and fusarium patch in non crop situation ( BCPC, 1991). The 
treatment of tapeworm infestation in man and animals is another ramification of its 
use ( Gemmell and Johnstone, 1981; Idris et al., 1980; Bankov, 1976 ). Another novel 
approach of its importance is proved by the therapeutic use of commercial 
dichlorophen spray in the disease - digital dermatitis - instead of antibiotic which is 
implicated in serious side effects in cows ( Ghashghaii, 2007 ). Its uses are many, but 
researches are very few. 
Curiously, not many studies are done with this compound in rats. A lone 
observation is found in guinea pigs, where mixed results are obtained in sensitization 
tests of dicholorophene ( Yamarik, 2004 ). Some derivatives, such as chlorinated 
bisphenol used as antibacterial and antifungal agents, indicated to be potent inhibitors 
of glucose-6-phosphate dehydrogenase in yeast. Some other studies did appear in 
related compounds but not many used dichlorophen ( Kintz et <3/, 1997;Wang and 
Buhler,1981 ). 
The status of dichlorophene viz-a-viz other organochlorine compounds, shows 
a big gap in spite of its wide use in diversified applications and consequently 
increasing exposure. Its use in the cytotoxic and genotoxic studies automatically 
qualify to work on this compound. 
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Materials and Methods 
The protocol and related aspects of these experiments strictly followed the laid 
down norms for Genotoxicity testing ( OECD - 474, 1997; US / EPA 2004 ). A 
compact account of each event is described below. 
Test animal 
Rattus norvegicus, 150 in number comprising both the sexes were procured 
from CDRI - lucknow. They were of 8 - 10 weeks old with an average weight of 
lOOilOgms and housed in different groups in separate cages maintained under 
controlled conditions of 12h dark and light period, temperature ( 22 ± 2°C ) and 
humidity ( 70 - 80% ). The animals were given standard food and water ad libitum. 
Among available experimental mammals, rat; Rattus norvegicus has certain 
advantages, which include their well-defined karyotype of 21 pairs of chromosomes 
including 20 pairs of autosomes and a pair of distinct X and Y chromosomes that 
approximates to that of human. 
Test chemical 
The test chemical used in present investigation is Dichlorophene, an 
organochlorine. Details of its exposure, duration and mode of administration have 
been presented in table - 1. An account of its physicochemical properties, use and 
toxicity have been presented in box - 1. 
Table- 1. Dichlorophene; exposure, duration and mode of administration 
Test chemical Concentrations 
(mg/kg b.wt. ) 
Duration 
( h ) 
LD-50 
(mg/kg b.wt.) 
Mode of ' Stock solution 
administration , (in % ) 
Dichlorophene 66.9, 133.8 and 200.7 24, 48 and 72 669 Intraperitoneal 0.035 
Chemicals and Preparation of Solutions 
Chemicals 
• Colchicine ( Loba Chemie ) 25 mg / 50 ml of distilled H2O 
(injected @ 4 mg /1000 g of b. wt. ). 
- Hypotonic, KCl 0.075M 0.56% ( Ranbaxy Laboratories ). 
• Comoy's fixative ( Methanol: Glacial Acetic acid 3 : 1 ) . 
• Giemsa stain ( 5% ) ( Loba Chemie ). 
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Solutions 
May Grunwald stain (Merck Ltd.). 
Xylene ( Merck Ltd.). 
DPX (Galaxo Labs.). 
Foetal Calf Serum 5% ( Sigma Labs). 
Cyclophosphamide ( Sigma Labs ) 
(injected @ 40 mg /1000 g of b. wt.). 
Preparation of Sorensons buffer (pH = 6.8 ). 
Na2HP04 2H2O 5.93 8gm in 100ml (A) 
KH2 PO4 4.539gm in 100ml (B) 
25ml A + 25mlB 50 ml solution 
Experimental Design 
A lot of 150 rats were divided into four experimental groups. Exposed groups 
consisted of 90 rats in all, 15 rats were used for each concentration with 5 rats per 
duration. The detailed information of experimental animals used is given in table - 2. 
The control groups consisted of normal control (tap - H2O ), a separate positive 
control, 40 mg cyclophosphamide /1000 gm of b. wt. Each control group included 15 
rats to a total of 60 rats in all. At the end of a specific interval, 5 rats per duration were 
sacrificed by cervical dislocation and immediately dissected to obtain bone marrow 
for various cytogenetic preparations. The explained design was followed in CA, 
MNT, MI and ( HP ) histopathological studies. 
Table 2. Animals used for cytogenetic parameters 
Duration Control Treated Total 
Positive Normal/ 
Solvent 
1 II 111 
Cytogenetic 
Parameters 
MNT&HP 15 15 15 15 15 75 
CA&MI 15 15 15 15 15 75 
24 5 5 5 5 5 25 
48 5 5 5 5 5 25 
72 5 5 5 5 5 25 
*MNT: Micronucleus test; CA: Chromosomal aberration; MI: Mitotic index; HP: Histopathology 
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Cytogenetic Procedures 
• Chromosome Preparations 
The chromosomal procedure from rat bone marrow followed the method of 
Preston et al., ( 1987 ). The animals were injected intraperitoneally ( i.p. ) with a 
colchicine solution ( 4mg / kg b.wt. ) 2 h prior to sacrifice. Relevant informations 
regarding colchicine have been presented in box - 2. Specimens were sacrificed by 
cervical dislocation. Both the femurs were extracted and cleared from muscular tissue. 
The bone was cut open at both distal ends, the needle was inserted with mounted 
syringe and the bone marrow ( BM) was flushed out using 5 ml of preincubated KCl 
in a centrifuge tube. 
The solution was properly homogenised and kept in a waterbath at 38°C for 20 
min. To this, 1 ml of fixative was added drop by drop and the solution was left at 
room temperature for 20 min. 
It was centrifuged for 5 min at 1000 rpm. The supernatant was discarded and 
the pellet was saved and chilled fixative was added and centrifuged again. The pellet 
was saved again and supernatant discarded. The process was repeated thrice and final 
pellet was saved in 2 ml of chilled fixative. 
The slides were prewashed with alcohol and chilled in 70% ethanol. The cell 
suspension so prepared was dropped onto the slides from an appropriate distance. The 
slides then passed over the flame to bum off the fixative immediately, air dried and 
stained for 5 min in Giemsa (5%) in Sorensen's buffer (pH = 6.8 ). 
Satisfactory slides including controls were coded and scored under code by a 
single observer. The slides were screened for analysable metaphases, initially under 
low power (45X) and subsequently at high magnification (lOOX, oil emmersion lens). 
The salient points of this protocol has been illustrated in box - 3. 
Chromosomal aberrations were classified as per the nomenclature of Adler 
(1980 ), which is still being highly favoured. The structural type of aberration was 
studied under two sub-types, chromatid and chromosome. Chromatid type aberrations 
involved one chromatid comprising chromatid gap ( G ), where an achromatic lesion 
was found smaller than the width of one chromatid; chromatid breaks (B ) having the 
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true discontinuities with clearly dislocated fragment and, translocation ( T ), where 
the fragments almost remained associated with the chromosome of origin. The 
analysable mitotic cells were selected on the criteria conforming to; well spread 
metaphases with ( 2n = 42 ), more complete number of centromere, fully aligned 
chromatid, no centromere splitting, no extensive overlap of chromosomes, good 
fixation and staining. 
Chromosomal type of aberration named so because, it involved in both the 
chromatids of a chromosome at identical sites or loci, comprised of abnormalities like 
gap ( G ) an achromatic lesion , having non-staining region not greater than the 
diameter of the chromatid; break or ( terminal deletion ) which involved only one 
chromosome. Chromosomal exchanges, where two or more lesions in the same or 
different chromosomes were also observed. On the other hand, multiple aberrations 
( MA ) collectively included rings , dicentrics and aneuploidy - where the 
chromosome number of a cell deviates from a multiple haploid set, 21 in the present 
case. 
• Micronucleus ( MN) Preparations 
Rat bone marrow ( BM ) was used as per procedure of Schmid, ( 1975 ). Both 
femurs were extracted from the test animals and cleared of from muscular tissue. The 
bone was cut open and the bone marrow was flushed out with 5% of foetal calf serum, 
the solution so obtained was homogenised properly. No hypotonic treatment was 
given. 
The solution was kept for 5 min at room temperature, the supernatant was 
discarded and pellet saved. The sediment was mixed with a pipette and a small drop 
of cell suspension was dropped at the one end of a clean dry glass slide and evenly 
smeared and air dried without fixation. 
The staining procedure followed a combination of May - Gruenwald and 
Giemsa staining in succession: the slides were first covered with undiluted May -
Grunwald solution for 3 min and replaced by diluted ( 1 : 1 ) solution of the same 
stain with distilled water for 2 min, followed by staining in Giemsa for 5 min. The 
slides were rinsed and dried, treated with xylene and mounted in DPX. The detailed 
steps followed in these preparation are given in box - 4. 
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All slides including controls were coded and scored blindly by a single observer 
and screened for analysable micronucleus ( MN ) under the same magnifications as 
described earlier. In well stained slides the nuclear material was purple in colour 
while the cytoplasm of nucleated cells appeared as light blue. Normochromatic 
erythrocytes ( NCEs ) were orange yellow in colour in contrast with polychromatic 
erythrocyted ( PCEs ) which were pink to purple. The differential staining allowed 
clear discrimination between PCEs and NCEs. The right areas were chosen for 
scoring where the erythrocytes were well separated, not folded and clearly contoured. 
• Calculations of Mitotic Indices ( MI) 
The method of Hedge et al, ( 1995 ) was followed. The MI was calculated 
from a total of 2000 cells scored in each concentration category. Details regarding 
mathematical procedure and justification are as follows; 
The calculation of MI is based on the formula: 
MI = total no. of dividing cells x 100 / total no. of cells observed 
In such calculations interphase, prometaphase and other substages were not 
counted. The MI is assessed at metaphase - anaphase stage because these stages 
actually entitle a cell to have processed the mitotic cycle. This is designated as active 
mitotic index (Ami) and calculated by: 
Ami = (M + A)x lOO/TC 
Where M, A and TC respectively stand for metaphase, anaphase and the total 
number of cells observed. MI was calculated by this formula and any inhibition of 
mitotic indices was taken as the sign of cytotoxicity of the chemical. 
Comparison on the basis of concentration or duration of the test chemical was 
noted and contrasted with the controls to realize which agent effects more seriously 
over the other. 
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• Histopathological Study (HP) 
The Bancroft and Stevens, ( 1977 ) method was adopted. The animals were 
sacrificed at the termination of the desired times after the treatment. Liver and kidneys 
were isolated and fixed in 10 % buffered formalin for 24 h. After fixation, the tissues 
were dehydrated through ascending grades of ethanol, cleared in xylene and finally 
embedded in paraffin wax. Using a rotary microtome, specimens were sectioned at 5 
^m and sections were mounted on clean glass slides and stained for histopathological 
examination with Haematoxylin and Eosin ( H and E ), and observed under the 
microscope. The details of this protocol are briefed in box - 5. Representative 
locations were photographed. 
Statistical Analysis 
All the scoring were done fi-om slides under code. The Mann - Whitney U test 
was applied on chromosomal aberrations ( CA ) and micronuclei ( MN ) data to 
calculate the percentage of frequencies of C A and MN and the mean percentage and 
standard error for required groups computed with the help of Statistical Package for 
Social Sciences (SPSS) version 16.0. The SPSS output sheets for CA and MN have 
been presented in Annexure 1 and 2 respectively. For the comparison of proportions 
of mitotic indices between the control and exposed groups, Chi ~ Square (x ) test 
was applied by using Med Calc version 12.0. The software data output sheet of 
mitotic indices has been provided in Annexure - 3. 
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Box - 1 : Dichlorophene; Physicochemical properties, use and toxicity 
COMMON FEATORES 
NOMENCLATURE 
COMMON NAME 
lUPAC NAME 
TRADE NAME 
CHEMICAL CLASS 
BATCH NO. 
CAS NO. 
P H V S I C 0 < ; H E M I C A L PROPERTIES: 
MOL. WT. 
MOL. FORMULA 
FORM 
MEI.riNG POINT 
BOII.INC; POINT 
VAPOUR PRESSURE 
SPE( (FIC GRAVITY 
SOLUBILITY IN WATER 
STABILITY 
REACTIVITY 
.- DDDM 
: Dichiorophen 
: 2,2'-methyicnebis ( 4-chiorophenol ) 
: Anthrphen, antifen, cordocel, dicestal.difentan, nipacideDP,NtpacideDP40 
: Halogenated phenolic compound. 
:SZt:8121X 
: 97-23-4 
; Chemical structure shown m insect OH OH 
: 259.13 g/mol 
:C,iH|„Cl202 
: Odorless,White 
: 168-172"C 
:418.7°Cat760mmHg 
: 10.4inm(100''C) 
: 1 42 g/ml 
:30mg/l.at20°C 
: Stable. Incompatible with strong bases, strong oxidizing agents 
: Dichiorophen is incompatible with strong oxidizing agents and strong bases. Weakly 
acidic. It is probably combustible. Slowly oxidized in air. 
Dichiorophen 
MANUFACTURER 
APPLICATION 
: Sigma-Aldnch Laborchemikalein 
: Dichiorophen is used as a veterinary fungicide, bactericide, algicide 
anthelmintic and aiitiprotozoan, used to control moss red thread, Fusarium patch and 
other dis<;a.ses in non-crop .situations. It is used as stcnlization algicide and biocides. It 
is used as a taenifuge for Taenia saginata. It is also used to control moss on amenity turf 
and hard surfaces, winter treatment in fi-uit trees. 
ECOTOXICOLOGY : 
:ORl,-RAT LD50 1506mgkg' 
: IVN-RAT LD50 H m g k g ' 
:ORI,-MUS 1,D50 1000 mg kg' . 
: IP-RAT l,D50 669 mgkg' 
: Harmful if swallowed, inhaled or absorbed through the skin Photosensitizer - exposure 
can increase the sensitivity of the skin to sunlight leading to possible allergic reactions, 
lesions, increased propensity to sunburn etc. Harmful in the environmeni - may cause 
long-term adverse effects.Very toxic to aquatic organisms. 
TOXICITY CLASS: 
SOURCE 
:EPA ill( slightly toxic) 
; Safely Data an Dichlciroplien. Physical & I heoreiical Chemistry Lab af Oxford University. 
200S British Crop Protection Council, 1901, l,ool(Cheni com.License. ChemicalBook Gemmell and 
Johnstone 19S1; Idris el al 1980, Bankov 1975, PPDB Safety assessment of Dicholorophene and 
chlorophene, Vamarik 
Box - 2: Colchicine: source and its function 
• a toxic natural product and secondary metabolite, originally extracted from plants of the genus Colchicum ( Colchicum 
aulumnale ). 
• used originally to treat rheumatic complaints, especially gout, and still finds use for these purposes today despite dosing issues 
concerning its toxicity. 
• Colchicine inhibits microtubule polymerization by binding to tubulin, one of the main constituents of microtubules. 
• Availability of tubulin is essential to mitosis, and therefore colchicine etTectively functions as a "mitotic poison" or spindle poison 
and arrests cell cycle. 
H N 
>— 
Chemical staiclure of colchicine Three dimensional structure of colchicine 
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Box - 3: Bone marrow metaphase chromosome analysis, Preston etal, (1987) 
Before 2 hrs. Of sacrifice Colchicine injected (i.p ) in rats ( 4mg / kg b.wt.) 
Femur collected & cleaned by distilled water 
a 
Femur ends cut & Bone marrow flushed out with 0.56% KCI 
Collected Bone marrow incubated (37°C; 30 min. ) 
Centrifugation ( 1500 rpm; 10 min.) 
ft 
Pellet resuspended in freshly prepared fixative following centrifugation (1000 rpm; 5 min.) 
ft 
Supernatant discarded & centrifuged again ( 2 - 3 times repeated ) 
ft 
Supernatant discarded, pellet saved & resuspended in aceto alcohol fixative 
ft 
Dropped on pre cleaned slides 
ft 
Slides flame dried 
ft 
Staining with Giemsa 5% in SBS followed by cleaning with xylene 
ft 
Mounting with DPX 
ft 
Observations at lOOX oil emmersion lens 
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Box - 4: Micronucleus Test (IMNT ); (in-vivo method; Schmid, 1975 ) 
Mutagenised / Normal 
H 
Disect Femur 
{I 
Bone Marrow Cells ( BMCs) in normal saline ( 30m; 37°C ) 
a 
Bone Marrow Cells ( BMCs) in FCS 
Centrifugation ( 1000 rpm; 5min ) 
Pellet in FCS ( save ) 
Centrifugation ( 1000 rpm; 5min ) 
Smear (Grease Free Slide ) 
Air Dried overnight 
Fixation ( Methanol -100%; 5min ) 
Staining ( Giemsa / May - Gruenwald; 25min ) 
Observation 
16 Mohammad Iqbal lone 
Chapter 2 Materials and Methods 
Box - 5: Sample preparation for histopathology ( Bancroft and Stevens, 1977 ) 
Fix the tissue samples in flxative (10% formalin) overnight. 
Pour out the fixative 
Wash with double distilled water ( 4-5 times ). 
Dehydration in graded ethanol series as 30% ethanol (30 min.), 50% (30 min.), 
70% (30 min.), 90% (30 min.), absolute ethanol I (30 min.) and absolute ethanol II (30 min.) 
Clear in xylene (10 min.) 
Transfer to xylene wax ( 10 min.) in oven at 70-80"C. 
Embed in pure molten wax I ( 1 h ) and then pure wax II (1 h ) in the oven. 
Wax block formation 
J} 
Wax blocks trimmed properly in desired orientation of tissue. 
Sectioning at 5 microns 
Staining with haematoxylin and eosin (H & E) stain 
Observation under microscope. 
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Results 
• Chromosomal Aberration Estimates 
Mutagenic effect of Dichlorophene ( DCP ) were intended to explore using 
multiple parameters by in vivo bone marrow chromosomal assessment, micronucleus 
assay, mitotic index calculations and by histopathological evaluation for mutagenic 
potential. Three concentrations of dichlorophene calculated on the basis of reported 
LD D 50, 669 mg / kg b.wt. were; 66.9 mg, 133.8 mg and 200.7 mg / kg b. wt. 
(abbreviated as DCPl, DCP2 and DCP3 in all the assessments). 
The incidence of chromosomal aberrations are recorded in table 3.1 and 
further illustrated in figure 3.1. What is most conspicuous is the effect of highest 
concentration where the maximum effect in terms of chromosomal damage was 
recorded as 6.30 ± 1.69 in comparison to cyclophosphamide, the positive control for 
all the 24 h durations. The corresponding value is 7.47 ± 1.92. 
In the remaining two concentrations the injurious effect of CA is less. 
However, as the time elapsed the effect seemed to be offset in all exposed groups. 
The decling trend was also evident in positive control group. As for the CA 
information in classified groups distinguished as chromatid and chromosomal 
aberrations, the chromatid types were marginally greater than chromosomal 
aberrations, however even the multiple aberrations were found in significant 
numbers. Thus, aberrations such as breaks, translocations, stickiness and 
pulverization were found and were not unique for any treatment group and controls. 
A dose dependent increase in total aberrations were observed. By and large, results 
of CA revealed that there is a concentration dependant increase and the maximal 
response in test chemical observed 24 h treatment in all the concentrations. 
Figure 3.1 fiirther illustrates the trend of concentration and duration dependent 
profiles of CAs by dichlorophene treatment at different intervals along with the 
mean percent fi-equency of CAs and their standard percent error. 
The exposed groups differ significantly in comparison with control groups 
whether positive or normal control, so Mann - Whitney U test was applied to 
determine whether that difference is significant. The Z is the standard score 
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associated with the significance value (P = 0.009). Since the P value is so small, we 
conclude that the exposed groups differ significantly as shown in annexure - 1. 
Table 3.1 Incidence of/« vivo chromosomal aberrations recorded in the bone marrow cells of 
Rattus norvegicus exposed to multiple doses of Dichlorophene 
Croup Time Total tcored 
Mitotic spread 
Chromatid aberrations 
B G 
Chromosomal aberrations 
B' G' MA 
Mean Trcquency of 
abtrmtions 
ricluding gaps ±SX 
Normal control 
(NC) 
24 308 0 1 1 0 1 0.95±0.32 
48 310 0 1 0 1 1 0.98±0.37 
72 292 0 1 0 1 1 0.65±0.02 
Positive control 
(PC) 
(40 mg/kg b. wt) 
24 318 8 9 4 2 3 7.47±1.92 
48 325 7 3 3 1 4 6.80±1.79 
72 313 6 2 3 0 4 6.47±1.72 
DCPl 
(66 9mg/kg b wt) 
24 339 3 3 2 2 4 3.95±1.24 
48 319 2 1 1 2 4 3.11±1.08 
72 314 0 1 1 1 2 1.09±0.70 
DCP2 
(133,8mg/kg bwt ) 
24 325 4 3 3 3 5 5.63±1.56 
48 328 3 3 3 2 3 3.48±1.91 
72 309 1 2 2 1 3 2.76±1.03 
DCP3 
(2(X)7mg*gb.wt.) 
24 321 4 3 4 2 5 6.30±1.69 
48 331 3 3 3 3 4 4.63±1.37 
72 309 2 2 2 1 3 3.28±1.11 
INormal control (tap water); positive control (cyclohosphamide); B (chromatid break); G (chromatid gap); B' (Chromosomal break); G' 
(Chromosomal gap); MA (Multiple aberrations); DCPl (66.9 mg/kg b.wt); DCP2 (133.8 mg/kg b.wt); DCP 3 (200.7 mg/kg b.wt); 
"statistically signincant values at 0.05. ( MWU - Test). 
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Fig. 3.1 Multiple concentration and duration dependent profiles of (CAs) by dichlorophene at 
different intervals in Rattus norvegicus along with their standard percent error depicted by 
error bars. Normal control (tap water); positive control (cyclohosphamide); DCPl (66.9 
mg/kg b.wt); DCP2 (133.8 mg/kg b.wt); DCP 3 (200.7 mg/kg b.wt); *Statistically significant 
values at 0.05. 
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During the course of study selected metaphase plates were 
photomicrographed. Various types of abnormalities are illustrated in figure 3.2. The 
following aberrations were observed; Breaks and Gaps as primary events of 
chromosomal instability, and arose from DNA double strand break via 
recombination exchange mechanism. Dicentric; having two centromeres as the 
product of telomere erosion and subsequent end to end chromosome fusion, or 
translocation between two or more chromosomes and ring; telomere dysfunction 
triggering fusion of reactive chromosome ends which were sticky, these sticky ends 
joined to form the ring chromosome. Other were of Polyploidy; hybridization 
followed by chromosome doubling. 
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Fig. 3.2 Metaphase plate of bone marrow cells showing different types of chromosomal 
aberrations in rats treated with dicholorophene (a — f) ( 100 X oil emmersion lens ); (a) Normal 
metaphase; (b) Dicentric; (c) Acentric fragment and Gap; (d) Break; (e) Polyploidy; (f) Ring. 
22 Mohammad Iqbal Lone 
Chapter 3 Results 
Annexure 1 
SPSS VERION 16.0 
NPar Tests 
Descriptive Statistics 
N Mean Std. Deviation Minimum Maximum 
CA 
grouping 
15 
15 
8.1333 
1.8000 
4.79385 
.41404 
1.00 
1.00 
15.00 
2.00 
Mann-Whitney Test 
Ranks 
grouping N Mean Rank Sum of Ranks 
CA 1 3 2.00 6.00 
2 
Total 
12 
15 
9.50 114.00 
Test Statistics" 
CA 
Mann-Whitney U .000 
Wilcoxon W 6.000 
Z -2.607 
Asymp. Sig. (2-tailed) .009 
Exact Sig. [2*(1-tailed Sig.)] .004^ * 
a. Not corrected for ties. 
b. Grouping Variable: VAR00002 
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• Micron ucleus Assessments 
Two types of erythrocytes could be distinguished using differential staining by 
May Gruenwald - Giemsa in bone marrow cells. The polychromatic erythrocytes 
(PCEs ) and normochromatic erythrocytes (NCEs ) were observed as blue to purple 
color and pink color respectively. The PCEs were observed for the presence of 
micronuclei, MN or their absence. The ratio of PCEs and NCEs were noted for PCEs 
with MN. The result of micronuclei evaluation in bone marrow erythrocytes for 
usual exposed groups and in both controls are shown in table 3.2. 
The polychromatic erythrocytes with MN, ( MNPCEs ) significantly 
increased. In contrasted, with cyclophosphamide positive control with a value of 
1.73 ± 0.88 was highest. The corresponding value increased from 0.75 ± 0.10 to 1.05 
± 0.50 along increasing concentration for 24 h exposures only. Each concentration 
group clearly registered increase of MN frequencies at 24 h, but reduced 
considerably as the time elapsed in a time dependent manner. This trend has been 
separately shown along with concentration and duration dependent profiles of MN 
by dichlorophene treatment at different intervals along with the mean percent 
frequency of MNPCEs and their standard percent error in figure 3.3. The ratio of 
PCE / NCE was affected in tested compound. In each category of concentration the 
ratio registered a decreasing trend from 0.38 - 0.34, 0.37 - 0.33 for respective 
concentrations as the time increased generally. The representative photomicrograph 
showing polychromatic erythrocytes and micronucleated cell have been shovra in 
figure 3.4. 
As the Mann - Whitney U test accomplishes essentially when the distribution 
of the two samples deviate significantly from normal. In our study the exposed 
groups differ significantly in comparison with positive and normal control, so Mann 
- Whitney U test was applied to determine whether that difference is significant or 
not. The Z is the standard score associated with the significance value ( P = 0.009 ). 
Since the P value is so small, we conclude that the exposed groups differ 
significantly (annexure - 2). 
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Table 3.2 Micronuclei scoring in bone marrow cells of Rattus norvagicus treated in vivo with 
different doses of dicliolorophene 
Group Time Tolal PCEs 
Scored 
rot«l NCEs 
Scored 
Total Number of 
MNPCEs 
Mean Frequency of MN 
per 1000 PCEs ± S X 
PflS 
Normal control 
(NO 
24 1979 4011 2 0.29±0.09 0.33 
48 2016 3972 2 0.27±0.09 0.33 
72 2009 3982 2 0.27±0.09 0.33 
Positive control 
(PC) 
(40 mg/kg b ^vt.) 
24 2134 3846 28 1.73±0.88 0.35 
48 2292 3738 15 0.96±0.33 0.38 
72 2310 3742 U 0.80±0.14 0.38 
DCPI 
(66 9mg/kg b wt) 
24 2075 3993 9 0.75±0.10 0.38 
48 2061 3994 6 0.59±0.01 0.34 
72 2279 3744 4 0.41±0.07 0.34 
• 
DCP2 
(US.Smg^gb.wtJ 
24 2083 3975 11 0.85±0.19 0.37 
48 2059 4039 7 0.64±0.01 0.34 
72 2299 3778 5 0.48±0.06 0.33 
DCP3 
(200 7 rag/kg b.wt ) 
24 2027 4020 16 1.05±0.50 0.37 
48 2105 3991 9 0.74±0.09 0.34 
72 2295 3769 6 0.55±0.03 0.37 
Normal control (tap water); positive control (cyclobosphamide); DCPI (66.9 mg/kg b.wt); DCP2 (133.8 mg/kg b.wt); DCP 3 (200.7 
mg/kg b.wt); "Statistically significant values at 0.05. ( MWU - Test) 
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DCPt DCP2 DCP3 
Fig. 3.3 Multiple concentration and duration dependent profiles of (MN) by dichlorophene at 
different intervals in Rattus norvegicus along with their standard percent error depicted by 
error bars. Normal control (tap water); positive control (cyclohosphamide); DCPl (66.9 
mg/kg b.wt); DCP2 (133.8 mg/kg b.wt); DCP 3 (200.7 mg/kg b.wt); *StatisticaHy significant 
values at 0.05. 
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Fig. 3.4 Photomicrograph showing polychromatic erythrocytes (g) and micronucleated 
cell (h) in the bone marrow ceils of Rattus norvegicus treated in vivo with different doses 
of dicholorophene intraperitoneally ( iooxojia>«rsHni«i). 
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Annexure 2 
SPSS VERION 16.0 
NPar Tests 
Descriptive Statistics 
N Mean Std. Deviation Minimum Maximum 
MNT 
VAR00002 
15 
15 
8.8667 
1.8000 
6.88546 
.41404 
2.00 
1.00 
28.00 
2.00 
Mann-Whitney Test 
Ranks 
VAR00002 N Mean Rank Sum of Ranks 
MNT 1 3 2.00 6.00 
2 
Total 
12 
15 
9.50 114.00 
Test Statistics"" 
Mann-Whitney U 
Wilcoxon W 
Z 
Asymp. Sig. (2-tailed) 
Exact Sig. [2*(1-tailed Sig.)] 
a. Not corrected for ties. 
b. Grouping Variable: VAR00002 
MNT 
.000 
6.000 
-2.614 
.009 
.004" 
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• Mitotic Indices Profiles 
Another parameter chosen was based on mitotic indices ( MI ) study. The 
results have been briefed in table 3.3 and profiled in figure 3.5. It showed a dose 
dependent inhibition in case of dichlorophene but time dependence was not 
followed. A minimum value 4.05 ± 1.26 of MI was observed for 133.8 mg / kg b. 
wt.; against this, the value in normal was 4.90 ± 1.41. The maximum decrease in MI 
for dichlorophene was seen at 72 h in concentration 133.8 mg / kg b. wt. The reason 
that the present chemical did not follow time response study could be because at 
lower concentrations chemicals stimulate the rate of cell division. 
In the case of mitotic index study, Chi Square Test was applied as the 
comparison of proportions of aggregate mitotic indices has been computed in all the 
groups and the values were found statistically significant ( P = 0.05 ) depicted in 
anexxure - 3. 
Table 3.3 Mitotic indices in response to various doses of dicholorophene at different time 
intervals in Rattus norvagicus 
Group 24h(Mcan%MI±Se) Mh(Mcan*/. MlJ:SE) 72h(Mean%MI±SE) 
Normal conirol 
(NC) 
6.02±1.67 5.18±1.47 4.90±1.41 
Positive control 
( W ) 
(40 mj^kg b. wt.) 
4.34±1.31 3.79±1.21 3.50±1.15 
OCT 1 
(6C.9nig/kg b.wt.) 
5.73±1.58 4.90±1.41 4.63±1.36 
Df P2 
(I33.«nii{/lig b.wl.) 
4.90±1.41 4.34±1.31 4.05±1.26 
DCPJ 
(2(M).7 mg/kg b.wt) 
5.18±1.47 4.34±1.3) 4.34±].31 
Normal control (tap water); positive control (cyclohosphamide); DCPl (66.9 mg/kg b.wt); DCP2 (133.8 mgAg b.wt); DCP 3 (200 7 mfi/ke 
b.wt); *StatisficaIly significant values at 0.05. (Chi Square Test) 
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N 
3 
2 
24h 48h 72h 
Fig. 3.5. Multiple concentration and duration dependent profiles of (MI) by dichlorophene at 
different intervals in Rattus norvegicus along with their standard percent error depicted by 
error bars. Normal control (tap water); positive control (cyclohosphamide); DCPl (66.9 
mg/kg b.wt); DCP2 (133.8 mg/kg b.wt); DCP 3 (200.7 mg/kg b.wt); *Statistically significant 
values at 0.05. 
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Annexure 3 
Comparison of proportions of aggregate MI (%) for Chi-square ( x^ ) test 
Group 1 Group II Difference 
(%) 
( x') Value Significance level 
(P) 
Normal Positive 2.66 0.0186 
1 
0.8915 
Positive Exposed I 0.5 0.0727 0.7874 
Positive Exposed II 0.99 0.0364 0.8487 
Positive Exposed 
III 
1.33 0.0151 
1 
0.9022 
1 
Normal Exposed I 2.16 0.0092 0.9235 
Normal Exposed II 1.67 0.0003 0.9859 
Normal Exposed 
III 
1.33 0.0053 
1 
0.9418 
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• Histopathological Findings 
The histopathological results, briefed in figure 3.6 a depicts many types of 
abnormalities. Hepatic lobes formed of cords of hepatocytes and blood sinusoids in 
between were seen. Administration of intraperitoneal doses of dichlorophene caused 
venous congestion in the liver and many hepatocytes were pale stained showing 
early vacuolation exhibiting apoptotic sign including blebbing, cell shrinkage, 
pyknosis etc. In several cells the nuclei became fragmented into several particles 
( karyorrhexis ) ( Fig. 3.6 b - c ). Many pathological lesions in the liver tissue were 
observed on exposure of the chemical. 
Kidney of control rat showed normal structure of the renal corpuscle 
(glomerulus and urinary space) and renal tubules (proximal convoluted tubules and 
distal convoluted tubules ) ( Fig. 3.6 d ). The kidney in exposed specimen showed 
with intraperitoneal doses of dichlorophene, many histopathological alterations. The 
renal tubules suffered high damage so that they almost lost their characteristic 
appearance and their lining of epithelial cells became indistinguished and their 
contents were intermixed with each other ( Fig 3.6 e - f). The walls of Bowman's 
capsule were eroded and the glomeruli were atrophied. It has been observed that 
treating animals with dichlorophene induced many histopathological alterations in 
the kidney like damage to the epithelial lining, degenerated tubules, eroded capsule 
wall etc. 
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Fig. 3.6 Liver of control rat sliowing the architecture of a hepatic lobule. The central vein (CV) 
surrounded by the hepatocytes (arrowheads), between the hepatocytes, the hepatic sinusoids 
(arrows) are shown (a). Liver of rat given dichlorophene treatment showing conj^ested vein in 
the portal area. Many of the hepatocytes are pale-stained and a few exhibit early vacuolation 
(long arrow). In several cells the nuclei became fragmented into several particles (karyorrhexis) 
(short arrow) (b and c). Kidney of a control rat showing renal tubules (R) and glomerulus (G) 
(d). Sections of kidney of dichlorophene treated rat showing degenerated tubules and atrophied 
glomerulus (DG) ( e and f). 
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Discussion 
The short term tests in mammals have received much attention as protective 
prerequisite to human life ( Klobucar et al, 2003; Avishai et al, 2002 ), and the 
most reliable genotoxicity evaluation in mammals have recommended a combination 
of chromosomal aberrations, CAs and micronuclei, MN ( Prasad et al, 2009 ). The 
CAs could qualitatively and quantitatively detect clastogenic activity ( Dimitrov et 
al, 2006 ), while the MN assay detects both clastogenic effects and damage to the 
mitotic apparatus with aneugenic consequences. This established the relevance of 
choosing a battery of tests for the recent studies with dichlorophene - comparatively 
a newly introduced compound having wide uses. For comparison and to demonstrate 
the ability of genotoxic effect, each evaluation included a treatment with a known 
clastogen, cyclophosphamide in the present case as positive control. The study 
design followed strict recommendations (Brzovic et al, 2009). 
One of the most favoured parameter is the assessment of CA. The use of 
chromosomal aberrations in the evaluation of genotoxicity is recommended by 
Geurtsen ( 2000 ) and more recently by Ribeiro ( 2008 ) in their review papers on 
biocompatibility testings. The method is successfully extended in many evaluations 
so far (Bakopoulou et al, 2008; Nishimura et al, 2008; Hagiwara et al, 2006; Prica 
et al, 2006). 
During observations on chromosomal aberrations, the chromatid type breaks 
were seen more frequently in our study than chromosome type in the metaphase 
plate analysis. The phenomenon can be linked to damage affecting the DNA strand 
in the late Sphase or after the DNA has replicated or duplicated (Bird et al, 1982 ). 
The type of breaks brought about by the test chemical in question indicate that it is 
active in Gl and S phase of cell cycle. Other drugs have also been found to inhibit 
DNA synthesis in peripheral blood mononuclear cells earlier ( Artz et al, 1989 ). 
The time response study observed indicates that frequency of multiple aberrations 
showed an increase at 24 h followed by a considerable decrease at 48 h to 72 h of the 
treatment. 
The observation also fully agrees with the observation made by Savage that, 
stickiness which has been included in multiple aberrations is a transient phenomena. 
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It will be interesting to note that during present investigation; aberrations like 
stickiness, pulverization, rings and dicentrics were included in multiple aberrations; 
and a dose and time response was observed for them. Although not studied; 
biochemicals and related interpretations of other investigators can offer to explain 
the induction of stickiness ( Shyama, 1993; Giri et al, 1981 ). It is inferred that 
chemicals induce stickiness, a complicated phenomena involving properties of 
chromosomes. 
Neoplasia, as generally accepted are the result of causal events of the 
chromosomal abnormalities. It has earlier been postulated, but not proven, that 
increased chromosomal damage may reflect an enhanced cancer risk ( Liou et al, 
1999 ). So, the importance of such genotoxic effect is reason in the initiation of 
cancer. Hagmar et al, (1994) is of the view that an increased level of chromosomal 
breakage appears to be a relevant biomarker of future cancer risk. Since, the 
chromosomal aberrations can be found in tumor cells; the epidemiological studies of 
Bonassi et al, ( 2000 ) concluded that the chromosomal aberration frequency can, 
to an extent predict the overall cancer risk in healthy subjects. So keeping in view of 
the above studies; the increase in total chromosomal aberrations in dichlorophene 
treatment need to be monitored on regular basis. 
The Chromatid breaks are more frequently in our observations than 
chromosome breaks in metaphase plate analysis. This indicated damage affecting the 
DNA strand in the late S phase. Hence, it is significant to note an increase in 
aberrations at 24 h treatment observed with tested chemical, that gradually 
decreases over a period of time, indicating that this chemical may be active during S 
phase. The decline in the frequency of the aberrations observed in the later time 
intervals could be linked to various reasons like elimination of chemicals or its 
metabolites from the body, repair of damaged genetic material, elimination of cell 
chromosomes with damaged genetic material and the inactivation of the chromatid 
or its metabolites ( Shyama et al, 1991 ). Most of the chemical mutagens act 
specifically during a particular part of cell cycle (Bender et al, 1974). 
CA and MN assays taken together indicates as of now, that fluchloralin at 
higher concentration clearly damage genome ( Natarajan et al, 1995; Rao et al, 
1990 ). No treatment given less than 10 h before bone marrow sampling is expected 
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to give a clear response in MN assay. Therefore, using a single treatment at different 
intervals fulfils the requirement for a sensitive MNT in the battery of short term tests 
applied to detect chemical mutagens ( Kleisch et al.,1982 ). The effect of the 
chemical in the study was observed at different intervals to fulfil the above 
requirement of a sensitive MNT to evaluate the mutagenicity of dichlorophene. In 
three dose levels of dichlorophene, the frequency of MN in polychromatic 
erythrocytes ( PCEs ) were elevated and consistently appeared above the control 
level. There was a concentration and dose dependent increase in the formation of 
MNPCEs and maximum rise in MNPCEs was seen at 24 h of treatment. 
Induction of micronuclei in the PCE of bone marrow cells has been regarded 
as one of the most sensitive bioassays for mutagenic genotoxicity of a compound 
(Fatma and Ihab, 2004;Heddle et a/., 1983). In an independent study by Hayashi et 
al, ( 1984 ), noted that the micronuclei induced by clastogenic chemicals in PCE of 
mouse bone marrow are directely derived from structural chromosomal aberrations, 
especially accentric firagment appearing in preceding metaphase. Dosimetric aspects 
of micronucleated cells agrees well with those expected from metaphase analysis of 
aberrations in cultured human lymphocytes irradiated by X - rays (Countryman and 
Heddle, 1976). The relation between chromosomal aberrations and micronuclei can 
be demonstrated on the basis of theoretical consideration ( Heddle and Carrano, 
1977 ). So, a detailed analysis of micronucleus induction by spindle poisons is 
important to get a complete vmderstanding of the mechanisms of micronucleus 
formation. However, in the present study, an increased frequency of micronucleated 
cells can be taken as biomarker of genotoxic effect that can reflect exposure to 
agents vnih clastogenic; chromosome breaking ( DNA as target) or aneuploidogenic 
effect on chromosome number ( mostly non - DNA target), on the similar lines as 
of Titenko - Holland et al, (1997). 
The PCEs / NCEs ratio showed no significant change for this chemical, or the 
percentage of polychromatic cells. The frequency of dichlorophene induced 
MNPCEs increased with time and reached at maximum at 24 h after treatment and 
then gradually decreased. However, it was statistically significant. The ratio is an 
indicator of inhibition of nucleated erythropoeitic cell divisions, and is, therefore, 
important for MNT. Such changes in PCEs / NCEs ratio has been suggested due to 
unbalanced changes in number of both PCE and NCE ( Suzuki et al, 1993; 1989 ). 
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The ratio may be altered in several ways - for example: due to acceleration of 
differentiation of erythrocytes from erythroblasts, inhibition of erythroblast division 
or because of recovery of erythroblast division. Some chemicals like, Lead nitrate 
have shown contradictory results where a spurt in the erythropoiesis activity was 
noticed and so a significant increase in the ratio of PCEs and NCEs ( Jagetia et al, 
1998). 
The mitotic index ( MI) assay, is specially useful in mammalian system to 
characterize proliferating cells and identifying compounds that inhibit or induce 
mitotic progression. Eroglu ( 2009 ), suggested that MI can effectively measure the 
proportion of cells in the M - phase of the cell cycle. Its inhibition could be 
considered due to cellular death or delay in the cell proliferation kinetics. The trend 
observed in present study with the tested chemical not followed the time response 
fashion, possibly because at lower concentrations chemicals stimulate the rate of cell 
division like the one observed by Kalcheva et al, (2009). 
Many a histopathological effects have been observed in the present 
investigation. The dichlorophene successfully produced histopathological changes in 
the liver and kidney of the albino rats. The liver is the centre for detoxifying any 
foreign compound entring the body. So, it is uniquely exposed to a wide variety of 
exogenous and endogenous products including environmental toxins and chemicals 
present in food or drinking water (Wight, 1982). 
The hepatic lobules are the structural units of the liver; each is formed of cords 
of hepatocytes and blood sinusoids in between. Administration of intraperitoneal 
doses of dichlorophene suggested a venous congestion in the liver so that 
hepatocytes appeared pale showing early vacuolation exhibiting initial apoptotic 
sign. In several cells the nuclei were seen fragmented into several particles known as 
karyorrhexis. The results matched with observations of Razik et al.,( 2007 ) in 
albino rats treated with lufenuron. The present study further noted that 
intraperitoneal treatment of rats with dichlorophene can induce pathological lesions 
in the liver tissue. Nevertheless, it is clear that liver tissues are markedly responded 
to the adverse effect of the chemical; it displayed marked histopathological 
changesin this as well as in an earlier study with dichlorophene (Ergul et al., 2006 ). 
The hepatic tissues exhibited congested portal vessels and many apoptotic signs 
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which include blebbing, cell shrinkage, vacuolation, pyknosis etc. on treatment of 
dichlorophene. A study by Hurket ( 1978 ) in rats treated with dursban or tamaron 
(Hanafy et al. 1991 ) and by Gupta etal.,{\9^\) in buffalo calves with malathion, 
gave more or less same results. 
Histopathological results of kidney by dichlorophene exhibited many 
histopathological alterations. The renal tubules rendered so high damage that they 
nearly lost the characteristic appearance and the lining of epithelial cells became 
undistinguished so that their contents were intermixed. The walls of BowmanD s 
capsule were eroded and the glomeruli were atrophied. It has been observed that 
treating animals with dichlorophene induced many of these histopathological 
alterations in the kidney (Abdeen et a/, 1994) when treating mice with fenvalerate. 
The parameters; chromosomal aberration assay, micronucleus assay, mitotic 
index and histopathological investigations used suitably proved that dichlorophene 
can not only have cytotoxic but also genotoxic tone. 
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Summary 
• The widely used fungicide and bacteriocide in cosmetics Dichlorophene; 
have a range of applications in textile industry and protection of materials. 
Because of its fatal toxicity report in humans, it has been evaluated in Rattus 
norvegicus. Cytogenetic parameters used to moniter its effects were 
Chromosomal aberrations ( CAs ) such as breaks, gaps and multiple aberrations 
which include exchanges, rings, tranlocations, stickiness and pulverization; 
Micronucleus (MN) test on bone marrow cells; Mitotic Index ( MI) assay, and 
Histopathological study. 
• Three sub - lethal concentrations ( 66.9, 133.8 and 200.7 mg / kg b. wt. ) 
were set up according to the LD - 50 of the chemical. Damage was noted at 
three different intervals of time ( 24, 48 and 72 h ) inorder to find the maximum 
impact of the chemical on cell cycle and the functioning of its own repair system 
against this chemical. The result lead to the following interferences: 
• The chromatid type aberrations were more abundant. The chemical induced 
chromatid as well as chromosome aberrations. Thus chromatid type gaps were 
frequently observed in all concentrations of Dichlorophene. Alterations such as 
breaks, translcations, stickiness, rings and pulverization were also observed. 
There was an increase in total aberrations initially followed by a decline as the 
duration increased. 
• Clastogenic potential was demonstrated by the maximum frequency of 
chromosomal aberrations with the values of 6.30 ± 1.69. Upon prolonging in 
vivo treatment with Dichlorophene to 48 h and 72 h, a significant decrease in 
clastogenic damage was recorded. No significant increase could be observed in 
normal control. Consequently, with increase in concentration, the frequency of 
CAs likewise increased with Dichlorophene. No significant increase could be 
found in normal control. 
• The maximum impact of chemical on rat bone marrow was observed at 24 h 
of treatment. The values were statistically significant in comparison with those 
obtained for other durations. There was a significant rise in this duration 
consistently when compared to other durations. 
• The MN assay supported the observed dose and time dependence of 
chromosomal aberrations for Dichlorophene. The MN value was high for 
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Dichlorophene 1.05 ± 0.50 compared to 0.29 ± 0.09 for normal control, 
indicating mutagenicity of Dichlorophene. 
• The Dichlorophene by present studies is a mild mutagen and by 
susceptibility of Rattus norvegicus is taken into account, the possible exposure of 
other mammals including humans to this compound should be minimised. 
• The inhibition of cell division in a dose dependent manner observed, 
indicate that Dichlorophene also has a mild cytotoxic effect. The discontinuation 
or minimum possible exposure to humans is recommended, therefore. 
• Histopathological studies on exposed Rattus norvegicus to Dichlorophene 
caused liver as well as kidney tissue damage revealed by venous congestion and 
many apoptotic signs in the liver, and renal tubule. Bowman's capsule wall 
damage in the kidney depicting an important histopathological alteration for 
Dichlorophene toxicity to mammals, we think this may be applicable also to 
humans. 
• The Mann - Whitney U test was applied on CA and MN data to calculate 
the percentage of frequencies of CA and MN and the mean percentage and 
standard error for required groups computed with the help of Statistical Package 
for Social Sciences ( SPSS ) version 16.0. For the comparison of proportions of 
mitotic indices between the control and exposed groups, Chi - Square (j^) test 
was applied by using Med Calc version 12.0. 
• These parameters used in this study have suitably proved that 
Dichlorophene plays a role of being not only cytotoxic but also genotoxic 
compound. 
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